INTRODUCTION
============

Juice is the aqueous liquid, purée of the edible portions, or any concentrates of such liquid or puree from one or more fruits or vegetables \[[@R1]\]. Fruit juices are used for their nutritional value, refreshing nature and for their medicinal importance \[[@R2]\]. Fruit and vegetable juices play role in detoxification of human body and also have a great role in improvement of blood lipid profile in patients of hyper-cholesterolemia \[[@R3]\]. These juices are used unpasteurized in routine \[[@R4]-[@R6]\]. Unpasteurized juices prepared by street vendors are more appealing for consumers due to its fresh flavor \[[@R7]\].

Pathogenic microbes may enter in fruits during their growth and harvesting through damaged surfaces and punctures. Juices may be contaminated with microbes from raw material, juice machine, handler and unhygienic conditions \[[@R8]\]. Huge bacterial load of total coliform, faecal coliform,*Staphylococcal*spp. and Salmonella may be present in fresh street vended fruit juices. The main microbial contaminants in fruit juices are *Staphylococcus aureus*, *E. coli*, Kebsiella, *Vibrio cholera*, *Streptococcal*spp. and *Candida albicans* \[[@R9]\]. Other common bacterial contaminants of fruit juices are *Pseudomonas aerogenosa*, Proteus spp. and *Salmonella typhi*.

Antibiotic-resistant bacteria are causing a great damage to public health. The number of new antibiotics being developed is limited compared to increasing frequencies of bacterial resistance. The need of the hour is to develop alternative antimicrobial strategies. The presence of cenamic acid, antioxidant agent and flavonoids is responsible for antibacterial potential of honey \[[@R10]\]. Honey has been used to treat infections since ancient Egyptians and Greeks, but only recently scientists have proved its ability to inhibit bacterial growth \[[@R11]\]. It has been investigated that there may exist marked differences in inhibitory activity of honey depending on its geographical origin and floral source \[[@R12]\].

The main objective of this study was to calculate total viable count, staphylococcal count, coliform count, isolation and identification of bacteria from un-pasteurized packed fruit juices to assess their quality and to determine antibacterial activity of honey samples against isolated bacteria.

MATERIALS AND METHODS
=====================

Samples Collection
------------------

Unpasteurized packed fruit juice samples (n=60) were purchased from street vendors in Lahore city. The samples of fruit juices were examined in Bacteriology Laboratory, Department of Microbiology, University of Veterinary and Animal Sciences, Lahore.

Isolation and Enumeration of Bacteria
-------------------------------------

Un-pasteurized fruit juice samples procured from retail shops were analyzed for total viable counts (TVC), total staphylococcal counts (TSC), total coliform counts (TCC) and Salmonella-Shigella detection. Spread plate method was used for isolation and enumeration of bacteria from fruit juice samples. Ten-fold serial dilutions of homogenized suspension were prepared aseptically in Laminar flow by transferring 1 mL of each of fruit juice sample into 9 mL of sterile phosphate buffered saline tubes separately. Bacterial isolation and enumeration was done as described in earlier studies \[[@R13],[@R14]\] at selective media including nutrient agar for total viable counts \[[@R6]\], Staph 110 agar for staphylococcal counts and MacConkey agar for coliform counts. Inoculated plates were incubated at standard time-temperature combination \[[@R15]\]. After overnight incubation colonies were counted and colony forming units per milliliter (CFU/mL) were determined.

Determination of Anti-bacterial Activity of Honey
-------------------------------------------------

A total of five samples of various brands honey (Al-Nahal Natural Honey, Al-Shifa Natural Honey, Marhaba Honey, Islamic Shahad and Langnese Honey) were collected from market. The honey is produced by different companies on commercial scale and available in market. Some brands use wild bees while others produce honey using house bees. In subcontinent, at least four *Apis* species are found, i.e. *Apis dorsata*, *Apis cerana*, *Apis florae* and *Apis andreniformis*. Moreover, for large scale natural honey production the *Apis Mellifera* bees imported from Europe are widely used in honey farms. Samples were stored at (23-25°C) in dark place. To determine antibacterial potential, honey samples were used undiluted and at 75, 50, and 25% dilution. Antibacterial activity was tested for all bacterial isolates. Disc diffusion method \[[@R16]\] was used according to National Committee for Clinical Laboratory Standards. Filter paper discs were prepared and poured in 25 µl of each honey dilution and Streptomycin (Positive control). The cultures of the test organism were streaked on Nutrient agar plates using a sterile cotton swab. The discs were placed on the plates and incubated at 37˚C for 24 hrs. The diameters of zones of inhibition obtained were measured according to CLSI \[[@R17]\].

Statistical Analysis
--------------------

Data obtained for bacterial load was tabulated using Microsoft Excel (MS Excel 2010, Microsoft Corporation). Statistical analyses were done using Statistical Package for the Social Sciences (SPSS version 16.0). Values were expressed as log10 CFU/ml. Appropriate test statistics one way ANOVA using Duncan Multiple Range (DMR) test were used.

RESULTS
=======

**Total Viable counts (TVC):** Total viable count (TVC) is a measure of microbial quality of fruit juices. Presence of microbes in high numbers (TVC ˃4 log10 CFU/ml) is responsible for the spoilage of fruit juices (Gulf standards, (2000) and Codex standards, (2005). Mean TVCs in fruit juice samples vary non-significantly with the standard permissible counts (p˂0.05). Mean TVCs in all fruit juice samples (6.80±1.91 log10 CFU/ml) were greater than permissible limits (Table **[1](#T1){ref-type="table"}**). In the present study, 66.66% of samples had TVC more than 4 log10 CFU/ml which indicates highly contaminated fruit juices.

**Staphylococcal counts (SC):** Microbial quality of fruit juices is related to staphylococcal counts. Presence of staphylococci in high numbers (SC ˃3 log10 CFU/ml) is a health hazard as they cause spoilage of fruit juices and food borne diseases (Gulf standards, (2000) and Codex standards, (2005). Mean Staphylococcal counts in fruit juice samples vary non-significantly with the standard permissible counts (p˂0.05). Mean SC in all fruit juice samples (5.45±1.06 log10 CFU/ml) were greater than permissible limits (Table **[1](#T1){ref-type="table"}**). In the present study, 51.66% of samples had SC more than 3 log10 CFU/ml.

**Coliform counts (CC):** Coliforms are considered as indicators of quality. Presence of coliforms in high numbers (CC ˃2 log10 CFU/ml) is health hazard causing spoilage of fruit juices and food borne diseases. Gulf standards, (2000) and Codex standards, (2005), Coliform counts in fruit juice samples vary non-significantly with the standard permissible counts (p˂0.05). Mean CC in all fruit juice samples (3.25±1.25 log10 CFU/ml) were greater than permissible limits (Table **[1](#T1){ref-type="table"}**). In the present study, 46.66% of samples had CC more than 2 log10 CFU/ml.

Prevalence of Bacteria in Fruit Juice Samples
---------------------------------------------

A total of 10 (9.09%) Bacillus alvei, 22 (20%) Bacillus polymyxa, 19 (17.27%) Bacillus subtilis, 17 (15.45%) *Staphylococcus aureus*, 9 (8.18%) *Pseudomonas aeruginosa*, 14 (12.72%) Klebsiella pneumonia, 6 (5.45%) Enterobecter and 13 (11.81%) *Escherichia coli* isolates were purified (Fig. **[1](#F1){ref-type="fig"}**).

Antibacterial Activity of Honey
-------------------------------

Every dilution of each honey sample was tested against bacteria isolated from fruit juices such as Bacillus alvei, Bacillus subtilis, Bacillus polymyxa, Staphylococcus aureus, Klebsiella pneumonia, Pseudomonas aeruginosa, Enterobecter and Escherichia coli. All five different types of honey samples used in this study showed antibacterial activity against B. alvei, B. polymyxa, B. subtilis and S. aureus and no activity was found against *P. aeruginosa*, *K. pneumonia*, *Enterobecter* and *E. coli*. Islamic Shahad samples were found more effective as its lower dilutions showed antibacterial activity against most bacterial isolates and it might be due to purity of this brand of honey. Streptomycin was used positive control and all the bacterial isolates showed zones of inhibition against this antibiotic (Table **[2](#T2){ref-type="table"}**-**[6](#T6){ref-type="table"}**).

It was observed that 100% Al-Nahal Natural Honey showed maximum antibacterial activity against *B. alvei*, *B. polymyxa*, *B. subtilis* and *S. aureus*.*B. polymyxa*was susceptible against 25% dilution and *B. subtilis* and *S. aureus* were susceptible against 25% and 50% dilutions of honey. No activity was found against *P. aeruginosa, K. pneumonia,* *Enterobecter and E. coli* by any dilution of Al-Nahal Natural Honey (Table **[2](#T2){ref-type="table"}**). Al-Shifa Natural Honey samples showed antibacterial activity against *B. alvei*, *B. polymyxa*, *B. subtilis* and *S. aureus* at 100% and 75% dilution. No activity was found against other bacteria (Table **[3](#T3){ref-type="table"}**). It was observed that 100% Marhaba Honey showed antibacterial activity against *B. alvei*, *B. polymyxa*, *B. subtilis* and *S. aureus* and 75% dilution was active against *B. polymyxa* and *S. aureus*. No activity was found against other bacteria (Table **[4](#T4){ref-type="table"}**). Islamic Shahad samples showed antibacterial activity against *B. alvei*, *B. polymyxa*, *B. subtilis* and *S. aureus* at 100%, 75% and 50% dilution. 25% dilution was active against *B. polymyxa* and *B. subtilis*. No activity was found against other bacteria (Table **[5](#T5){ref-type="table"}**). It was observed that 100% and 75 % Langese Honey showed antibacterial activity against *B. alvei*, *B. polymyxa*, *B. subtilis* and *S. aureus* and 50% dilution was active against *St. aureus*. No activity was found against other bacteria (Table **[6](#T6){ref-type="table"}**).

DISCUSSION
==========

The bacterial count was low for some of the unpasteurized fruit juices and comparatively higher for some others. Higher levels of total viable counts (TVCs) in fruit juices were in accordance with the previous studies \[[@R5],[@R18]-[@R21]\]. The relatively higher bacterial counts were due to poor hygienic conditions and cause food spoilage and food borne illnesses. These findings about the bacterial load were against the findings of Tasnim *et al.*\[[@R22]\], who reported the bacterial counts of fruit juices within the standard limits.

Higher levels of staphylococcal counts (SCs) in fruit juices were in accordance with the previous studies \[[@R21],[@R23]\], who have also reported significant levels of staphylococcal counts in fruit juices. Higher levels of staphylococcal counts (CCs) in fruit juices were in accordance with the previous studies of Rashed *et al.*\[[@R21]\], who reported the coliform count of 3.6 x 10^4^ CFU/ml in fruit juices. These RESULTS suggested unsatisfactory hygienic practices during the preparation of these beverages.

The RESULTS are according to previous findings \[[@R14],[@R18],[@R23]\]. It suggests that although most of the microbes do not survive low pH of juices and processing methods also kill most of the microbes but certain spores of *Bacillus spp.* survive and pose a serious threat to the consumers. It was suggested that quality of fruit juices should be monitored on regular basis to avoid any future outbreaks \[[@R19]\].

The present study revealed antibacterial activity of different honey samples against gram positive bacteria at various concentrations and no activity was found against gram negative bacteria. Various studies had showed antibacterial activity of honey samples against various bacteria \[[@R24]-[@R26]\], which indicated that honey can be used as an alternative to antibiotics to treat various infections.

In the present study, honey samples showed antibacterial activity in undiluted, 75 and 50% but start to decrease with decreasing the dilution percentage particularly against *B. alvei, B. polymyxa, B. subtilis*and*S. aureus.* The range of antimicrobial activity of honey has been reported from concentrations of 3% to 50% and higher according to many investigators \[[@R12],[@R27]\].

Antibacterial activity is influenced by the concentration of honey \[[@R24]\], the higher concentrations provoke its usefulness as an antibacterial agent. The antimicrobial activity of honey has been shown to range from concentrations \< 3 % to 50 % and higher by French *et al.*\[[@R28]\]. It has been shown that the bactericidal effect of honey is influenced by its concentration and the nature of the bacteria \[[@R29]\].

Honey has very good inhibitory potential against *E. coli, Shigella*and*Salmonella*\[[@R30]\]. Various factors are responsible for variation of antimicrobial potency among the different honeys that include its seasonal, geographical and botanical source as well as harvesting, processing and storage conditions \[[@R31]\].

Honey contains 80% sugars, mainly glucose and fructose and some sucrose and maltose, and less than 18% water. Osmotic stress caused by high concentration of sugars and low moisture content causes prevents spoilage of honey by microorganisms. At higher dilutions, compounds other than sugar are responsible for the antibacterial activity. In the 1960s, H~2~O~2~ was identified as a major antibacterial compound in honey which is produced by the enzyme glucose oxidase from glucose \[[@R32]\]. However, various honeys have shown antibacterial activity due to nonperoxide components. Recently, methylglyoxal and bee defensin-1 have been identified in honey which are antibacterial compounds. The contribution of the low pH (generally between 3.2 and 4.5) for the antibacterial activity of honey has been shown \[[@R33]\]. In addition, there are clear indications for the presence of additional honey antibacterial compounds of which the identity remains to be elucidated.

All the fruit juices sold on roadside were found highly contaminated with pathogenic bacteria. Lack of pasteurization is one of the major factors responsible for contamination of fruit juices. These organisms should be tested at specific control points to attain a better quality control. The best methods for prevention of contamination include constant surveillance and good manufacturing practice \[[@R34]\]. Therefore, it is suggested that these juices should be monitored periodically in food laboratories for quality and human consumption.

As an alternative honey can be mixed with the fruit juices as flavor or as sweetener so that antibacterial properties of honey may preserve the juices from contaminants. Some honey milk products such as pasteurized and homogenized sweetened with honey for long time storage e.g. yoghourt with honey is found in industrial sector \[[@R35]\]. The use of honey in the industrial non-alcoholic beverage industry is relatively recent and expanded in 1990. Over 40 new honey drinks were introduced in Japan and in many fruit juices; honey is added as flavoring and sweetener. In apple juice, it is also used to classify fruit juice \[[@R36]\].

CONCLUSION
==========

In the light of prevalent microbiological standards for fruit juices, it is suggested that un-pasteurized packed fruit juices are the potential sources for common food borne diseases in the region. Microbial resistance against antibiotics is another emerging food safety issue and may provoke the health related issues in Pakistan. A precise and well defined monitoring and surveillance system needs to be implemented on urgent grounds to address the food safety in Pakistan. The study showed that certain organisms are sensitive to honey and it could be used as an alternative to antibiotics against certain bacteria. Therefore, there is need to investigate possible use of honey for therapies of bacterial infections by characterizing the active components of honey extracts*.*
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###### 

Bacterial load from fruit juice samples as represented by mean log10 CFU/ml ± SD.

  Log CFU/ml   TVC (n=60)   SC (n=60)    CC (n=60)
  ------------ ------------ ------------ ------------
  \<1                       3 (5)        12 (20)
  \>1          5(8.33)      10 (16.66)   20 (33.33)
  \>2          6 (10)       16 (26.66)   28 (46.66)
  \>3          9 (15)       31 (51.66)   \-
  \>4          40 (66.66)   \-           \-
  Mean±SD      6.80±1.91    5.45±1.06    3.25±1.25

n^a^ = Number of samples with CFU/ml corresponding to the first column of same row

"--" means no samples having bacterial load in the range

###### 

Antibacterial activity of Al-Nahal Natural honey against bacterial isolates. Data are shown as mean zone of inhibition (mm^2^) ± SD.

  -------------------------------------------------------------------------------------------------
  Organisms                  Honey concentrations   +ve Control\                         
                                                    Streptomycin                         
  -------------------------- ---------------------- -------------- ---------- ---------- ----------
  *Bacillus alvei*           441±1.25               361±3.36       225±1.15   121±2.10   900±4.11

  *Bacillus polymyxa*        289±1.01               225±0.13       121±0.24   \-         729±2.14

  *Bacillus subtilis*        169±2.34               121±0.24       \-         \-         841±0.75

  *Staphylococcus aureus*    324±1.79               169±1.31       \-         \-         841±2.66

  *Pseudomonas aeruginosa*   \-                     \-             \-         \-         169±2.11

  *Klebsiella pneumonia*     \-                     \-             \-         \-         121±1.21

  *Enterobecter*             \-                     \-             \-         \-         625±3.47

  *Escherichia coli*         \-                     \-             \-         \-         529±2.84
  -------------------------------------------------------------------------------------------------

"+ve" means positive control, "--" means the absence of inhibition

###### 

Antibacterial activity of Al-Shifa Natural honey against bacterial isolates. Data are shown as mean zone of inhibition (mm^2^) ± SD.

  --------------------------------------------------------------------------------------
  Organisms                  Honey concentrations   +ve Control\             
                                                    Streptomycin             
  -------------------------- ---------------------- -------------- ---- ---- -----------
  *Bacillus alvei*           121±1.79               81±0.07        \-   \-   900±0.19

  *Bacillus polymyxa*        324±2.15               169±0.10       \-   \-   729±3.46

  *Bacillus subtilis*        256±0.39               121±0.19       \-   \-   841±1.13

  *Staphylococcus aureus*    289±3.67               169±1.17       \-   \-   1225±4.63

  *Pseudomonas aeruginosa*   \-                     \-             \-   \-   225±0.06

  *Klebsiella pneumonia*     \-                     \-             \-   \-   361±2.31

  *Enterobecter*             \-                     \-             \-   \-   729±1.80

  *Escherichia coli*         \-                     \-             \-   \-   625±2.97
  --------------------------------------------------------------------------------------

"+ve" means positive control, "--" means the absence of inhibition

###### 

Antibacterial activity of Marhaba honey against bacterial isolates. Data are shown as mean zone of inhibition (mm^2^) ± SD.

  -------------------------------------------------------------------------------------
  Organisms                  Honey concentrations   +ve Control\             
                                                    Streptomycin             
  -------------------------- ---------------------- -------------- ---- ---- ----------
  *Bacillus alvei*           81±1.11                \-             \-   \-   625±0.53

  *Bacillus polymyxa*        225±0.04               121±2.22       \-   \-   441±1.33

  *Bacillus subtilis*        121±1.01               \-             \-   \-   529±1.41

  *Staphylococcus aureus*    361±1.73               169±2.47       \-   \-   841±0.89

  *Pseudomonas aeruginosa*   \-                     \-             \-   \-   169±0.48

  *Klebsiella pneumonia*     \-                     \-             \-   \-   361±0.07

  *Enterobecter*             \-                     \-             \-   \-   729±1.11

  *Escherichia coli*         \-                     \-             \-   \-   576±0.71
  -------------------------------------------------------------------------------------

"+ve" means positive control, "--" means the absence of inhibition

###### 

Antibacterial activity of Islamic Shahad against bacterial isolates. Data are shown as mean zone of inhibition (mm^2^) ± SD.

  --------------------------------------------------------------------------------------------------
  Organisms                  Honey concentrations   +ve Control\                         
                                                    Streptomycin                         
  -------------------------- ---------------------- -------------- ---------- ---------- -----------
  *Bacillus alvei*           226±1.15               169±0.15       121±0.03   \-         841±1.05

  *Bacillus polymyxa*        441±0.05               289±0.11       196±1.18   121±1.98   961±0.19

  *Bacillus subtilis*        400±0.40               225±1.77       144±1.24   100±0.14   900±0.10

  *Staphylococcus aureus*    324±3.13               256±2.63       169±0.09   \-         1024±2.13

  *Pseudomonas aeruginosa*   \-                     \-             \-         \-         169±0.00

  *Klebsiella pneumonia*     \-                     \-             \-         \-         400±0.03

  *Enterobecter*             \-                     \-             \-         \-         625±0.17

  *Escherichia coli*         \-                     \-             \-         \-         625±0.61
  --------------------------------------------------------------------------------------------------

"+ve" means positive control, "--" means the absence of inhibition

###### 

Antibacterial activity of Langnese honey against bacterial isolates. Data are shown as mean zone of inhibition (mm^2^) ± SD.

  -------------------------------------------------------------------------------------------
  Organisms                  Honey concentrations   +ve Control\                   
                                                    Streptomycin                   
  -------------------------- ---------------------- -------------- ---------- ---- ----------
  *Bacillus alvei*           225±2.18               100±0.01       \-         \-   729±0.57

  *Bacillus polymyxa*        289±1.97               169±1.02       \-         \-   784±1.86

  *Bacillus subtilis*        676±3.22               121±1.25       \-         \-   676±0.21

  *Staphylococcus aureus*    289±1.24               196±1.71       121±0.62   \-   841±0.92

  *Pseudomonas aeruginosa*   \-                     \-             \-         \-   121±0.32

  *Klebsiella pneumonia*     \-                     \-             \-         \-   361±0.68

  *Enterobecter*             \-                     \-             \-         \-   529±1.02

  *Escherichia coli*         \-                     \-             \-         \-   676±0.11
  -------------------------------------------------------------------------------------------

"+ve" means positive control, "--" means the absence of inhibition
